Probe measurements in the PISCES linear device indicate the presence of plasma radially far from where it is produced. We show that this is mainly caused by large-scale structures of plasma with high radial velocity. Data from the Tore Supra tokamak show striking similarities in the shape of these intermittent events as well as the fluctuation density probability distribution and frequency spectrum. The fact that intermittent, large-scale events are so similar in linear devices and tokamaks indicates the universality of convective transport in magnetically confined plasmas. Anomalous transport in fusion plasmas is extensively studied in order to control and enhance the performance of fusion devices. Even after several decades, the nature of such transport is still the subject of intensive research. A purely diffusive model by random drift wave fluctuations was proposed leading to a gyro-Bohm heat diffusivity scaling [1] . However, detailed experimental studies revealed that transport coefficients can vary between Bohm and gyro-Bohm [2] . To explain discrepancies between theory and experiment, models based on self-organized criticality (SOC) were proposed suggesting the existence of avalanches ballistically propagating in the plasma core towards the edge [3, 4] . As a consequence, the associated loss of confinement is caused by convection of heat and matter in addition to diffusion due to turbulence mixing.
Probe measurements in the PISCES linear device indicate the presence of plasma radially far from where it is produced. We show that this is mainly caused by large-scale structures of plasma with high radial velocity. Data from the Tore Supra tokamak show striking similarities in the shape of these intermittent events as well as the fluctuation density probability distribution and frequency spectrum. The fact that intermittent, large-scale events are so similar in linear devices and tokamaks indicates the universality of convective transport in magnetically confined plasmas. Anomalous transport in fusion plasmas is extensively studied in order to control and enhance the performance of fusion devices. Even after several decades, the nature of such transport is still the subject of intensive research. A purely diffusive model by random drift wave fluctuations was proposed leading to a gyro-Bohm heat diffusivity scaling [1] . However, detailed experimental studies revealed that transport coefficients can vary between Bohm and gyro-Bohm [2] . To explain discrepancies between theory and experiment, models based on self-organized criticality (SOC) were proposed suggesting the existence of avalanches ballistically propagating in the plasma core towards the edge [3, 4] . As a consequence, the associated loss of confinement is caused by convection of heat and matter in addition to diffusion due to turbulence mixing.
In the scrape-off layer (SOL), experimental measurements revealed the spiky aspect of plasma transport also not in agreement with a random diffusive process, to cite a few, the tokamaks of TEXT-U [5] , ADITYA [6] , TJ-I [7] , C-MOD [8] and DIII-D [9] , as well as in stellarators [10] and linear machines [11] . Imaging has also offered qualitative information about the existence of large-scale events near the last closed flux surface (LCFS) [12] .
The purpose of this Letter is to show that the bursty behavior in the scrape-off layer, and the departure from random diffusion models, is caused by intermittent largescale plasma structures radially convected at high speed. This is demonstrated in the PISCES linear device. Similarities with the fluctuations measured in the SOL of the Tore Supra tokamak are presented strongly suggesting the process universality.
Plasma in the PISCES linear device (Fig. 1 ) is maintained by primary electrons leading to a steady state reflex arc discharge [13] . The baffle tube and the axial magnetic field ͑B 0.12 T͒ limit the plasma radial extension to 2.5 cm; the vessel wall is at a distance r 10 cm from the plasma center. The electron density and temperature inside the plasma column are about 10 18 m 23 and 15 eV. Plasma properties are investigated by a three-tip Langmuir probe each having a diameter of 0.5 mm and poloidally separated by 0.7 mm. The middle tip records the ion saturation current ͑I sat ͒ and the other two the floating potential ͑f͒. In this Letter, the working gas in PISCES is hydrogen. This is also the case for the Tore Supra tokamak which has major and minor radii of 2.32 and 0.76 m and operates at edge electron density and temperature about 10 19 m
23
and 20 eV with a toroidal magnetic field B 3.5 T. A reciprocating Langmuir probe is placed on its top with tips biased to the ion saturation current. By comparing density fluctuations measured by Langmuir probes and reflectometer, it was shown experimentally that probes do not affect the properties of turbulence [14] . Consequently, one can neglect the Langmuir probe perturbation of the plasma turbulence at scales greater than the size of the tips. The temperature profile in PISCES, shown in Fig. 2(b) , is rather flat inside and outside the core plasma column with a drop of 10 eV at r 2.5 cm. This means that for r fi 2.5 the density profile is approximately that of I sat represented in Fig. 2(a) . In the core, density fluctuates taking positive and negative values around the average. Outside, the average density decreases while intermittent bursts give rise to I sat as high as inside the plasma. A zoom of one of the bursts in PISCES, at r 8 cm, is plotted in Fig. 2 (c). Note its asymmetric shape formed of a sharp front and a slowly decaying tail. These structures contain only positive density fluctuations and were found in the SOL of Tore Supra [15] from which is also plotted a zoom on a burst. In what follows, we aim at demonstrating that these bursts contribute in a significant manner to radial transport and that they have significant radial velocity. Accordingly, we describe this type of transport as convective in contrast to diffusive transport where average radial velocity is zero. Figure 2 (a) indicates that plasma is detected up to the vessel wall, that is, 4 times the plasma radius. Such nonexponential decay was also reported in many tokamaks [16 -18] . In the SOL of PISCES, between the core plasma column and the wall, density profile is first modeled by equating radial diffusion, with a Bohm diffusion coefficient equal to 5 m 2 ͞s, to parallel losses to the walls. The calculated density profile [ Fig. 2(a) ] is clearly far from reproducing the experimental one although the simulation starts at a distance 1.5 cm from the column edge. Good reproduction of the profile may be achieved by setting the diffusion coefficient to the astonishing value of 100 m 2 ͞s. This result indicates that the convection term in the particle conservation equation cannot be neglected. Figure 2(a) shows that, by adding a radial velocity of 1200 m͞s to the diffusion contribution, we are able to simulate the decay of plasma density.
We choose to call these intermittent events "avaloids" as they resemble avalanches without being necessarily produced by self-organized critical systems. An avaloid is a coherent concentration of plasma density encountered intermittently in the scrape-off layer with a high radial velocity. To study their velocity and their contribution to the radial flux, density fluctuations with amplitude equal and greater than 3.5 times the standard deviation are se- lected. Their radial velocity, V r,avaloid ͑1͞B͒≠f͞≠u, is determined by taking the difference between the floating potentials on the two poloidally separated tips where bursts are pinpointed on the density fluctuation signal. Figure 3 shows that at r Ӎ 4.5 cm, V r,avaloid takes a value close to 1500 m͞s and although it decreases with increasing r, it remains important until the vessel wall. The radial turbulent flux is determined as the density fluctuations ͑n 0 ͒, deduced from the ion saturation current, are multiplied by the fluctuating radial velocity G r n 0 y 0 r . In Fig. 4 is plotted the ratio of the radial average flux caused by these avaloids to the overall one ͑R G r ͗G r ͘ avaloid ͗͞G r ͒͘. Also shown is the time they occupy DT avaloid normalized to the time series length T. At r , 5 cm the bursts contribution is about 40% while occupying 20% of the signal. For r . 5 cm, the average radial flux becomes entirely due to the bursts leading to R G r Ӎ 0.8. In other words, the measured plasma density in the far SOL is entirely due to these intermittent bursts that occupy only 4% of the time. Taking into account the radial velocity of the avaloids and their contribution to radial transport, we deduce that the measured radial velocity is in good agreement with the one needed to simulate the plasma profile. Therefore, radial convection should be added to ionization, parallel transport, and perpendicular diffusion in order to describe the overall particle balance. Now that we have shown that convective transport is important in PISCES, we aim at showing that this phenomenon occurs in large tokamaks. The earlier comparison between PISCES and Tore Supra showed that the intermittent structures possess the same shape in the two devices. The next step is to confirm this similarity statistically.
Plotted in Fig. 5 is the probability distribution function (pdf ) of the density fluctuations at 1.5 cm from the LCFS in Tore Supra and at 5.5 cm from the plasma edge in PISCES. The difference in the number of points, 2 3 10 4 against 2 3 10 6 for Tore Supra and PISCES, respectively, enables the PISCES measurements to better resolve the high intensity and rare events. The pdf of the density fluctuation inside the PISCES plasma is shown for the sake of comparison where its convex shape indicates a more random behavior. In the SOL, the pdf's reflecting positive fluctuations of the two devices are clearly skewed, reflecting density fluctuations much greater than what is expected from a pure random distribution. However, both pdf 's have a Gaussian negative side indicating that there are no negative fluctuations associated with the bursts. In order to be more quantitative, the normalized third (skewness) and fourth (flatness) order moments of the density fluctuations are plotted in Figs. 5(b) and 5(c). They are, respectively, close to 0 and 3 in the core reflecting Gaussian statistics. The deviation from these values indicates a higher degree of intermittency with increasing r. For r . 10 cm, they take the values of a Gaussian distribution reflecting instrumental noise. This result quantifies the change in the nature of the fluctuations from a more randomlike process to a bursty intermittent one as we discussed in connection with the raw I sat signal in Fig. 2(a) .
Another proof of the similar dynamics taking place in the SOL of Tore Supra and PISCES is investigated by the frequency spectrum taken at the same positions as the his- tograms. This is shown in Fig. 6 . Two scaling ranges with respect to the frequency f are detected in the core of PISCES, while only one outside. We note the presence of high frequency fluctuations ͑ f . 300 kHz͒ in the core that are completely absent outside. This is quantified in Fig. 6(b) where is plotted the fluctuations amplitude with frequency greater and smaller than 300 kHz. While the high frequency part (which reflects small scales) vanishes rapidly at r ϳ 2.5 cm, the low frequency values (large scales) still contain significant power until r 10 cm. This fact indicates that only large scales are present out of the core plasma column. Furthermore, it is remarkable how similar are the frequency spectra of both Tore Supra and PISCES. The frequency corresponding to the end of the scaling ͑ϳ5 kHz͒ being of the same order as the inverse of the duration of the bursts ͑ϳ80 ms͒ indicates that the similarity between the two devices concerns correlation inside the bursts.
For clarity, the comparison between Tore Supra and PISCES was performed at given distances from the LCFS. The general properties and similarities described above remain valid for all radial distances far from the LCFS. Domed probes on Tore Supra indicate that intermittent bursts exist at all poloidal angles on the low-field side. Moreover, intermittent bursts in the far SOL are observed in different devices with different poloidal positions of the Langmuir probes. This also indicates the existence of convective transport at various poloidal angles.
Because intermittent bursts are observed far from the LCFS where density and temperature profiles are rather flat indicates that the underlying mechanism may not be SOC, since avalanches are expected to propagate radially in regions where gradients are close to marginal. Different types of edge plasma instabilities [19, 20] can result in strong edge plasma oscillation giving rise to avaloids formation around the LCFS (like Rayleigh-Taylor instability for neutral fluids). Then these structures, with density much larger than ambient, propagate radially due to poloidal polarization caused by mechanisms such as =B and/or centrifugal drift where the induced velocity sign depends on the type of charge [21] . Consequently, the universality discussed here concerns the convective radial transport rather than the type of instability behind it.
In summary, we have presented Langmuir probe measurements showing that plasma is detected in the PISCES linear device far from the core plasma column, that is, at 4 times the plasma radius. It was demonstrated that plasma exists in the form of large-scale radially convected filaments containing only positive density fluctuations. Moreover, it was shown that the bursts' shapes as well as their statistical properties, like the probability distribution function and the frequency spectrum, in the scrape-off layer of PISCES and Tore Supra are similar. This indicates that (1) plasma is "leaking" by radial convection of large-scale filaments in addition to radial diffusion and (2) the process may be universal because of the above similarities between two different devices and because intermittent bursts were recorded in nearly all the confinement devices with different plasma configurations.
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